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The treatment of Alzheimer's disease (AD) has gained much attention due to the 
current and predicted prevalence of the disease. Centella asiatica hydroalcoholic 
extract (CAHE), lemongrass essential oil (LGEO) and virgin coconut oil (VCO) 
presenting antioxidant and acetylcholinesterase inhibition activity derived from 
natural products to enhanced memory of AD patients. In the present study, the ternary 
phase behaviour diagrams were constructed based on microemulsion (ME) containing 
CAHE with varying ratios of LGEO or VCO, and non-ionic surfactant, Tween 20 
(T20) or Tween 80 (T80). The formulated MEs were characterized for the 
identification of functional groups by fourier transform infrared (FTIR), thermal 
behaviour by differential scanning colorimetry (DSC), and morphology and particle 
size by atomic force microscopy (AFM). The ME formulations were also tested for 
antioxidant activity by DPPH, ABTS, and FRAP assays, anti-acetylcholinesterase 
activity, in-vitro drug release, and cytotoxicity assay. Four ternary phase diagrams 
were successfully constructed and based on each ternary diagram, four transparent 
MEs were selected. The results of this study show that the particles of MEs were 
spherical in shape with an average particle size range of 0.1 – 0.2 µm. Thermodynamic 
and long-term storage stability tests conducted at room temperature showed that all the 
ME formulations had good stability without any phase separation. All the ME 
formulations revealed good antioxidant and anti-AChE activities. F1 (Tween 
20/LGEO:CAHE) showed the highest antioxidant activities of DPPH, ABTS and 
FRAP is 79.3 %, 93 %, and 1.234 mmol Fe2+ E/L, respectively, and for anti-AChE 
activity is 43.23%. Moreover, 60% of F1 was released within 24 h across the semi-
permeable membrane dialysis bag. Additionally, the brine shrimp lethality assay 
(BSLA) showed a mortality 10%. In conclusion, this study shows that F1 has good 
antioxidant and anti-acetylcholinesterase activities which can play a promising role as 


















Rawatan penyakit Alzheimer (AD) telah mendapat banyak perhatian disebabkan oleh 
keadaan terkini dan jangkaan kelaziman penyakit ini. Ekstrak hidroalkoholik Centella 
asiatica (CAHE), minyak pati serai wangi (LGEO) dan minyak kelapa dara (VCO) 
yang menunjukkan aktiviti antioksidan dan anti-asetilkolinesterase (anti-AchE) yang 
diperolehi daripada bahan semulajadi untuk membantu meningkatkan memori pesakit 
AD. Dalam kajian ini, gambarajah fasa ternari dibina berdasarkan mikromulsi (ME) 
yang mengandungi CAHE dengan (LGEO atau VCO dan surfaktan bukan ionik, 
Tween 20 (T20) atau Tween 80 (T80) dengan nisbah yang berlainan. ME yang 
diformulasikan telah dicirikan untuk mengenal pasti kumpulan berfungsi oleh fourier 
transformasi inframerah (FTIR), tingkah laku termal oleh kolorimetri pembezaan 
imbasan (DSC), dan morfologi dan saiz zarah oleh mikroskop daya atom (AFM). 
Formulasi ME juga diuji ujian aktiviti antioksidan oleh DPPH, ABTS, dan FRAP 
assay, aktiviti anti-asetilkolinesterase, pembebasan ubat in-vitro, dan ujian 
sitotoksisiti. Empat gambarajah fasa ternari telah berjaya dibina dan berdasarkan setiap 
gambarajah ternari, empat formulasi ME yang lutsinar telah dipilih. Keputusan kajian 
ini menunjukkan bahawa zarah-zarah ME adalah berbentuk sfera dengan pelbagai saiz 
zarah purata antara 0.1 - 0.2 μm. Ujian kestabilan termodinamik dan jangka panjang 
yang dijalankan pada suhu bilik menunjukkan bahawa semua formulasi ME 
mempunyai kestabilan yang baik tanpa sebarang pemisahan. Semua formulasi ME 
menunjukkan aktiviti antioksida dan anti-AChE yang baik. F1 (Tween 20 / LGEO: 
CAHE) menunjukkan aktiviti antioksida tertinggi iaitu 79.3%, 93%, dan 1.234 mmol 
Fe2 + E / L untuk DPPH, ABTS dan FRAP, dan 43.23% untuk aktiviti anti-ACHE. 
Tambahan pula, 60% F1 terbebas dalam masa 24 jam di seluruh kantung dialisis 
membran separuh telap. Di samping itu, “brine shrimp lethality assay” (BSLA) 
menunjukkan peratusan kematian sebanyak 10%. Kesimpulannya, kajian ini 
menunjukkan bahawa F1 mempunyai aktiviti antioksida dan anti-asetilkolinesterase 
yang berpotensi baik dan boleh memainkan peranan yang menjanjikan sebagai ejen 
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 Background of study 
Alzheimer’s disease (AD) remains as the most common primary degenerative 
dementia disorder for elderly people (Tarawneh & Holtzman, 2012; Korolev, 2014).    
AD is a clinical syndrome characterized by diverse behavioral, cognitive and 
emotional impairments in addition to the progressive deterioration of short-term 
memory and other higher cortical function (Chapman et al., 2006). According to the 
World Health Organization (WHO), the prevalence of AD was estimated to be about 
24.3 million people and every year 4.6 million new cases are reported. Also, 60-80% 
of cases of the AD are reported worldwide per year. The number of people affected is 
expected to be doubled every 20 years (Cornutiu, 2015). 
 The neurodegeneration occurring in AD affects multiple neurotransmitters, the 
cholinergic system has received the higher attention (Mega, 2000). The AD early onset 
and progression are related to the increased level 0of acetylcholinesterase (AChE) 
enzyme which catalyzes the rapid hydrolysis of neurotransmitter, acetylcholine (ACh), 
and thus leading to the cholinergic deficit (Čolović et al., 2013). The imbalance 
between the amounts of free radicals produced and their elimination by the body’s 
defense mechanism ultimately also contributes in the accumulation of free radicals or 
reactive oxygen species (ROS) in the brain tissue. 
Bioactive phytoconstituents resulted from isolation of flora and fauna always 
been an important reservoir of drugs. The majority of compounds affecting cholinergic 
neurotransmission and aiding protection against AD are primarily derived from plants 
sources such as phenol, terpenoid and flavanoid (Bhattarcharjee, 2018). Indeed, 
several pharmacological screenings showed the efficacy of Centella asiatica (CA) 








(Bhattarcharjee, 2018). This is because CA contains certain compounds with 
significant antioxidant and anti-AChE properties (Nour et al., 2014). Hence, more 
scientists have become inquisitive of the chemical moieties of this species (Suganthy 
& Pandima Devi, 2016). The CA extract has been recommended by pharmacopeia 
regarding the function as an Ayurvedic medicine (Rao et al., 2007). In fact, several 
research reports in the scientific literature have shown the neuroprotective effects of 
CA (Rao et al., 2005; Rahman et al., 2012; Nour et al., 2014).  
Previous results showed approximately 40% of the extracts have solubility 
problem that makes the compounds difficult to cross the cell membrane (Pardridge, 
2001; Upadhyay, 2014; Parth, et al., 2016). Surprisingly , the issue of the 
administration of poorly water-soluble extracts can solved by using as a delivery 
carrier to carry the extract (Van Hoogevest, 2011). The extract carriers not only 
encapsulate the extract and protect it from biological defense mechanism, but also help 
to release the extracts in a controlled manner at the target site. There are several types 
of carriers currently being investigated, including microemulsion (ME), 
nanoemulsion, micelles, liposomes, polymersomes, dendrimers, polymeric 
nanoparticles, solid lipid nanoparticles and nanostructured lipid carriers (Kaul, 2018). 
Most of these carriers are self-assembled structures from ubiquitous process in the 
cellular system. he functionalization of ME showed the advantages that is also 
increasingly integrated into drug delivery system.  
Microemulsion is thermodynamically stable, transparent or translucent, and 
isotropic dispersion with particles sizes ranging from 10 nm to 100 nm. It consists of 
oil, surfactant, and water, typically in conjunction with a cosurfactant (Dubey et al., 
2017). It also plays an essential role in the delivery of herbal extract, drug, and 
pharmaceutical agents besides the delivery of the extract into specific tissues and cells 
(Parth, et al., 2016). There are several advantages of ME over other traditional drug 
carriers including the possibility of controlled drug release and drug targeting, 
increased drug stability, good availability, low cytotoxicity, good production 
scalability, avoidance of organic solvents in the preparation process and potential 








 Problem statement 
The decreasing cognitive function in elderly people with AD has become a common 
problem that has affected human life and health in society (Anekonda & Reddy, 2005). 
The AD is a neurodegenerative disease that is associated with hippocampal atrophy 
and loss of function of cortical neurons in the brains (Lillrank, 2007). AChE is a key 
factor that leads to decreased level of ACh in the brain which is considered as one of 
the pathogenesis of AD. The AChE breaks down the neurotransmitter ACh into 
choline and acetate. According to Golan et al. (2011), AChE has a high enzymatic 
activity that is capable to hydrolyze 4 × 105 of ACh molecules in one minute.  
 Antioxidant and anti-AChE agents has been produced, applied for AD and has 
been commercialized in pharmaceutical industry. The commercial anti-AChE agents 
such as galanthamine, donepezil, rivastigmine and tracrine have the ability to stop 
progression of the disease, however they are causing few side effects (Yiannopoulou 
& Papageorgiou, 2013). The side effects of the common anti-AChE including 
dizziness, nausea and stomach ache (Čolović et al.,2013). The development of new 
potential inhibitor that control the activity of acetylcholinesterase with minimum side 
effects is need. However, transportation of molecules through blood brain barrier 
(BBB) is still a major challenge because of their size are more than 300 nm (Upadhyay, 
2014). The presence of BBB letting not more than 2% of small size drug molecules 
and blocking all the large molecules, is the most important physical obstacle on the 
way to accomplish the task of successful drug delivery to AD brains. Till now, most 
of the drugs have low bioavailability due to their low solubility in water and high 
molecular size. Solubilization of poor soluble drugs is a major challenge in screening 
studies of new potential inhibitor as well as in formulation design and development 
(Bittner & Mountfield, 2002).  Thus, it has attracted more scientists to discover new 
effective antioxidant and anti-AChE agents to treat the AD. 
Until now, there are no reports documented on using virgin coconut oil (VCO) 
and lemongrass essential oil (LGEO) as a carrier for Centella asitica hydroalcoholic 
extract (CAHE) as antioxidant and anti-AChE. This research explored an efficient drug 
delivery system based on ME having the ability to act as the potential antioxidant and 









 Objectives of study 
The objectives of this study are: 
 
1. To construct the phase behavior of the ME system. 
2. To characterize the ME formulation in various surfactant and oil.  
3. To evaluate antioxidant and anti-acetylcholinesterase activity, drug release and 
cytotoxicity of various ME formulation. 
 Scope of study 
Through this research, scopes are taken into consideration to achieve the objectives. 
The scopes of the study are mentioned as below: 
1.4.1 Extraction and construction of ternary phase diagram ME formulation. 
The ternary phase diagram was investigated by their phase behaviour. The MEs were 
prepared in different ratios of VCO and LGEO as an oil phase with tween 20 and tween 
80 act as a surfactant and water. By observing the phase behaviour of the mixture, the 
ternary phase diagram was constructed and the appropriate and stable ME was 
selected. 
1.4.2 Characterization of ME formulations. 
The prepared ME formulations were characterized for the identification of functional 
groups by FTIR, thermal behaviour by DSC, morphology and particle size by AFM. 
The thermodynamic stability study was performed based on heating-cooling, freeze-
thaw cycle, and centrifugation. The long-term stability study was carried out based 
primarily on physical observation followed by measurement of pH, conductivity, 








1.4.3 Evaluation of antioxidant activity, anti-acetylcholinesterase activity, 
drug release and cytotoxicity of various ME formulations  
The antioxidant and anti-AChE potential of ME formulations were determined by 
antioxidant assays (DPPH, ABTS, and FRAP) and AChE inhibition activity assays, 
respectively. Finally, the effectiveness of the ME formulation as drug delivery system 
was performed using in-vitro dialysis bag technique. The cytotoxicity of various ME 
formulations was determined by brine shrimps lethality assay test (BSLA). 
 Significance of the study 
The controversy about the safety of common Alzheimer’s disease drug will never 
come to an end as scientists have begun to recognize the side effects of anti-AChE 
drugs and published in the literature. Plants have gained popularity as a source of 
herbal medicine for treatment of AD. Centella asiatica hydroalcoholic extract (CAHE) 
has shown to improve cognitive function, besides acting as anti-AChE, antioxidant 
agent (Hashim et al., 2011; Orhan et al., 2012). Several active compounds from CAHE 
of this plant including triterpene, phenolic and flavonoid were found to be an 
antioxidant and anti-AChE (Soumyanath, et al., 2012). It is believed that the 
microemulsion (ME) can increase the effectiveness of the therapeutic agent as a drug 
carrier. Although, ME are promising tools for delivery of therapeutic devices to the 
brain via several routes of administration (Fonseca-Santos et al., 2006). The 
encapsulation also protects the drugs or extract from interaction with 
microorganism/bacteria and improve stability. In addition, ME are convenient and 
easy to formulate. As more efficient drug delivery systems and developed formulations 
become available, the health professionals will have a better choice that will target 
specific cells.  In this study, ME formulation containing CA hydroalcoholic extract 
was prepared and characterized. The ME containing Centella asiatica hydroalcoholic 
extract was prepared using VCO and LGEO as the oil phase, Tween 20 and Tween 80 
were used as the surfactant. It is expected that the results of this study would be helpful 
to further assess the role of the ME containing Centella asiatica hydroalcoholic extract 


















 Overview of Alzheimer’s Disease (AD) 
Alzheimer's disease is type of a neurodegenerative disorder which is related to 
progressive cognitive and functional deficits, mostly experienced by people aged 65 
years and older (Apostolova, 2016). The AD is not part of the normal aging process 
rather it is caused by progressive loss of nerve cells in the brain. Nerve cells are 
important for normal brain functions such as thinking, memory, spatial orientation, 
verbal communication and decision making (Fonseca-Santos et al., 2006). The patients 
of AD suffer from impaired brain function that interferes with their normal daily 
activities. The AD can also be characterized by impaired neuronal signaling, leading 
to a slow and progressive decline in cognitive function and behaviour (Ismail et al., 
2013). The AD is also known as The Long Goodbye, the disease typically spent over 
10 to 20 years. Despite intensive research carried out in past decade, the AD is still un-
understandable and incurable, thus early detection and treatment is the only option to 
manage the disease effectively (Koh Abdullah, 2008, Fonseca-Santos et al., 2006). 
Pathologically, Alzheimer’s brain can be characterized by imaging studies like 
MRI or CT scans. The brain of a person with AD appears to be getting smaller and 
shrinking. The most prominent regions in the brain affected by AD include cerebral 
cortex, hippocampus, entorhinal cortex and ventral striatum as shown in Figure 2.1 (a) 
(Lilrank, 2007). Besides, the cerebrospinal fluid (CSF) fills in the cavities of the brain 
and the cavities become enlarged as shown in Figure 2.1(b). In the parenchyma of 
Alzheimer’s brain, there are extracellular aggregates of Amyloid-β (Aβ) peptide in 








proteins (Mourtas et al., 2014), and progressive synaptic dysfunction (Bernardi et al., 
2012; Herran et al., 2013).  
The AD begins slowly and can be identified as early onset and late onset based 
on the appearance of symptoms. In early onset, forgetfulness is considered as the 
first sign of the AD. People in the early stages of AD might have trouble in 
remembering recent events, activities, or the names of familiar people or things. 
Simple math problem can be difficult to solve. However, as the disease progresses, the 
additional symptoms like behavioural changes (Kakkar & Kaur, 2011), forgetting the 
well-known places and family members and friends, being unable to track or follow 
the directions, constantly asking the same questions and lack of care due to personal 
safety and hygiene, also appear.  
 
 
Figure 2.1: Images of (a) The cross-section of normal human brain and Alzheimer 
brain (b) MRI images of Alzheimer brain tissue shrinks which contains cerebrospinal 
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